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1. Introduction 



The top quark is the third generation up-type quark. It was discovered in 1995 by the CDF and 
D0 experiments at the Tevatron in events where it is produced together with an antitop quark. 
It has a charge of With a mass of 173.2 ±0.9 GeV/c 2 [g], it is the most massive elementary 
particle known to date. According to the standard model (SM), it has a Yukawa coupling to the 
Higgs boson close to unity, which hints to a possible special role in electroweak symmetry breaking. 
It interacts primarily by the strong interaction but also through the weak force. In 2009, the CDF 
and D0 experiments observed the production of a single top quark through the weak interaction [0]. 

Since its observation, the top quark has been extensively studied, and is currently one of the 
main physics programs at the Tevatron. It has a very short lifetime (~ 10~ 25 s) and hence decays 
before hadronizing, providing a unique opportunity to study a bare quark. Therefore, top quark 
physics is a window into new physics. We present the latest results from the CDF collaboration. 



2. Top Quark Physics 

At the Tevatron pp collider, the top quark is mainly produced in top-antitop pairs (tt), through 
quark-antiquark (85% contribution to tt) and gluon-gluon (15% contribution) fusion. The top quark 
decays through the weak force almost exclusively into a W boson and a b quark. 

The production of top pairs is studied according to the tt decay mode: dilepton, lepton+jets 
and all-hadronic, depending on whether two, one, or none of the W decayed leptonically. The 
lepton+jets is considered the golden channel because it combined a good branching fraction (~ 
30%) with a good signal to background ratio. The dilepton (ee,efj,,pipi) channel is the cleanest but 
suffers from a small branching fraction (~ 5%). The all-hadronic channel has the largest branching 
fraction (~ 45%) but suffers from a huge level of background from QCD multijet production. An 
additional channel, £V+jets, is used to recover events where the e or pi is not identified in the 
detector, or when the T decays hadronically; it also suffers from a large QCD background. 



3. Top Quark Production 

The SM allows predicting the tt production cross-section o(tt). Measurements of this cross- 
section test QCD calculations and allow probing new physics beyond the standard model, since 
new physics can enhance tt production. Next to leading order (NLO) predictions estimate the tt 
cross-section to be o(tt) = 7.45+Qg 2 pb for a top quark mass of 172.5 GeV/c 2 [Qj. 

The most precise measurements of o(tt) come from the lepton+jets signature [gj]. This anal- 
ysis uses two complementary methods: a ft-jet tagging measurement and a topological approach 
based on a neural network. The combined result yields o(tt) = 7.70±0.52 pb for a top-quark mass 
of 172.5 GeV/c 2 . In the dilepton channel, we measure a cross-section of o(tt) = 7.4 ± 1.0 pb [||] 
using 5.1 fb _1 of data. After requiring that at least one of the jets originating from a b quark 
by identified by the SecVtx ^-tagging algorithm [|7|], we measure a(tt) = 7.3 ±0.9 pb. In the 
all-hadronic channel, we measure a cross-section of o(tt) = 7.2 ± 1.2 pb [Sh. Two results in the 
$ r +jets signature yield c(tt) = 7.1 ± 1.2 pb (2/3 jets in 5.7 ftr 1 ) || and o(tt) = 8.0 ± 1.0 pb 
(> 3 jets in 2.2 ftr 1 ) [JTOj] - In the hadronic T+jets channel, we obtain using 2.2 ftr 1 of data 
o(tt) = 8.8 ± 4.0 pb [11]. Figure [k] summarizes most of the cross-section measurements at CDF. 
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(a) (b) 
Figure 1: Summary of CDF measurements of o{tt) (a) and of m t (b). 



4. Top Quark Properties 

Among the properties of the top quark, its mass is the most studied. It is a fundamental parame- 
ter of the SM because it constrains the mass of the Higgs boson. Recent CDF results include a mea- 
surement in the i^+jets and all hadronic final states using 5.7 fb -1 , with a top mass respectively of 
m, = 172.3 ± 2.6 GeV/c 2 ^ and m, = 172.5 ± 2. 1 GeV/c 2 [|TJ]. These results, shown in figure g 
are combined with past determinations of the top mass and yield m t = 172.7 ± 1.1 GeV/c 2 [|l4|], 
reaching a precision of Am t /m t = 0.63% and a uncertainty on the top quark of 1.1 GeV/c 2 . Fig- 
ure [lb| summarizes these results. The CDF collaboration also reported the first top mass measure- 
ment in the T+jets channel using 2.2 fb -1 of data, yielding m t = 172.7 ± 10 GeV/c 2 [JTlj]. The mass 
difference between the top and antitop quark is measured to be m t — mj 
consistent with CPT symmetry. 



-3.3 ±1.7 GeV/c 2 [JTJ], 

Additional properties studied at CDF include the W boson polarization of the top quark de- 
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Figure 2: Top mass measurements in the J?V+jets (a) and the all-hadronic signatures (b). 
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cay and the forward-backward asymmetry. The V — A structure of the weak interaction predicts 
that the W + from t — > W + b decays are either longitudinally polarized (~ 70%) or left-handed 
(~ 30%), while right-handed W bosons are heavily suppressed (and forbidden in the limit of a 
massless b quark). The latest CDF measurements in the dilepton channel yield a longitudinal frac- 
tion f Q = 0.74+°; and a r ight-handed fraction of /+ = -0.09 ±0.1. 

The forward-backward asymmetry of top pair production Aft, is due to NLO effects and is 
predicted to be about 8% [16]. In the lepton+jets channel, the corrected partem level asymmetry is 
16 ± 8% (48 ± 11% for events with m f j > 450 GeV/c 2 ) [Q, while an asymmetry of 42 ± 16% is 
measured in the dilepton channel [18]. The combination of these results yields Aft, = 20 ±7% fll^]. 



5. Searches for New Physics 

Several searches look for new physics in the top sector. CDF has searched for a heavy top 
quark t' — > Wb in the lepton+jets signature [|2(i|]. Looking at 5.6 fb" 1 of CDF data, we exclude 
the SM fourth generation t' quark with a mass below 358 GeV/c 2 at 95% confidence level. An- 
other result searches for dark matter through the production of fourth generation quarks t' decay- 
ing via t' — y t +X where X is dark matter [21]. Analyzing 4.8 fb _1 of CDF data, we exclude 
«V < 360 GeV/c 2 at 95% confidence level for m x < 100 GeV/c 2 . The same search is done in 




Figure 3: Top quark properties measurements at CDF: W boson polarization in the dilepton channel 
(a,b) and forward-backward asymmetry in the lepton+jets (c) and dilepton (d) channels. 



4 



Top quark physics at CDF 



Karolos Potamianos 




Figure 4: Searches for fourth generation quarks t' decaying via t' — > t +X where X is dark matter 
in the lepton+jets (left) and $V+jets (center) signature. The plot on the right shows the results of 
these searches. 



the £?r+jets channel, thus studying events where both W bosons decay hadronically [22]. To 
distinguish events in which the Mr is due to the dark matter form those in which it is due to 
the mis-measurement of the jet energies, the latter uses the missing momentum flow {Pj) in the 
tracker as a complementary tool to the Mt in the calorimeter. Looking at 5.7 fb , we exclude 
m t > < 400 GeV/c 2 at 95% confidence level for m x < 70 GeV/c 2 . Fi gure H shows these results. 



6. Conclusion 



We have presented the latest measurements by the CDF collaboration of top quark intrinsic 
properties as well as direct searches for new physics in the top sector. The large number of top 
quark events analyzed, of the order of several thousands, allows stringent checks of the standard 
model predictions. Many of these results will be updated with the final CDF dataset. 
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